The wind power is well adapted nowadays as solution to the production of electricity or for mechanical use. But wind is a very fluctuating source of energy; it generates a non-permanent and variable power to the loads. This paper presents a strategy to improve the quality of the electric power produced by a wind turbine under variable speed. The mathematical modeling of the various elements of the conversion system is performed. Two control strategies are developed to improve the quality of the energy produced by the wind turbine. The first consists to a judicious management of the DC bus and the second to control the inverters with a corrective proportional resonant. The results obtained after implementation and simulation under Matlab/Simulink platform are presented.
INTRODUCTION
Wind is one of the cleanest sources of energy. During its transformation processes, it releases approximately 9 g of polluting substance per kilowatt-hour [1] . But, even if clean and inexhaustible, wind is very fluctuating. It generates a non-permanent and variable power to the loads. Most of the times, to ensure continuity of power to the loads, the wind turbine is either connected to a non-corporate/public network, other forms of electrical energy sources (solar, diesel generator, etc.), autonomous or hybrid networks [2, 3] .
If the permanence of the electrical energy produced by a wind turbine can be assured, its quality remains an important issue to be considered in the distribution network. Several authors investigated the problem using grid-connected or not wind turbines. Laverdure [4] made a comparative study of various wind turbine structures and impacts of disturbances on the integration of wind power generators in weak networks or remote area. Courtecuisse [5] presented strategies of controlling multi-source wind databases coupled to energy storage systems to ensure the stability of the network and optimize energy consumption. Vechui [6] proposed a solution to balance the voltage across the unbalanced load inverter when connecting energy from a renewable source into the conventional network. Camblong [7] worked on minimizing wind disturbances in the generation of electricity from wind turbines with variable speed. He developed algorithms to control variable wind speed turbine pitch control and to maximize aerodynamic efficiency and the quality of electric power in terms of flicker. He also showed the advantage of RST regulators compared to the traditional PI controllers in some commands. Davigny [8] investigated wind systems at variable speed equipped with permanent magnet synchronous generator (PMSG), and a system of inertial storage. He illustrated the capacities of the resonant controller in the direct control of the terminal voltages. Masmoudi et al. [9] used the model developed in [8] , substituted the system of inertial storage by batteries of super-capacitors to show that the system reacts more quickly to fluctuations.
In the present work, we are investigating the quality of the electrical energy produced by a variable speed wind turbine using supercapacitors as short-term storage systems. The main objective is to improve the quality of the electrical energy produced by developing control strategies to manage the electric power at the DC bus and the output of the LC filter. Sci. 2016, 8(2) , 182-207 184
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MODELING OF THE ENERGY CONVERSION SYSTEM
The conversion system is presented in figure 1 . It is made up of a wind turbine associated to a permanent magnet synchronous machine (PMSM) with a large number of pair of poles connected to an interface and a storage system via power converters controlled by a PWM (pulse width modulation) and a DC bus. The connection interface is made of an IGBT inverter and LC filter. The storage system is constituted of super-capacitors. 
Modeling the wind turbine
The wind turbine converts the kinetic energy of the wind into mechanical energy. To model the behavior of that component, it is necessary to determine the mechanical torque produced from the extracted power of the wind.
The mechanical torque of the turbine based on the extracted power is given by [9] :
Where:
R is the radius of the blade (in m), ρ air density (in kg.m 
Where: 
We also have [9] : Figure 2 shows how the power coefficient varies with the specific speed for various blade angles. It could be seen that for β =0, the optimum specific speed is λ opt =8 and the maximum power coefficient C pmax =0.4185.
Fig.2. Characteristics of the wind turbine
The rotational speed Ω is obtained from the fundamental equation of dynamics [10] :
Where J is the moment of inertia of the shaft (in kg.m 2 ); f the friction coefficient of the shaft;
and C em the electromagnetic torque.
The turbine is controlled in order to extract a maximum power from the wind. The maximum power extracted using MPPT methods is given by the expression [9] :
With:
The control of the setting angle β enables to limit the extracted power so that to protect the turbine from high wind speed.
From the above expressions the following block diagram can be obtained (figure 3): 
Modeling and control of the PMSG
The permanent magnet synchronous machine is the part of the energy conversion system, which converts the mechanical energy of the turbine into electrical energy. 
To control the electric power generation, we can just manage the electromagnetic torque C em by controlling the stator currents through proportional integral controllers (PI) as shown in 
Model of the storage system
The storage system is made of super-capacitors. The electrical model of the supercapacitor consists to a capacitor C sc which represents the capacity of the supercapacitor, and a resistor R sc representing the resistance of charge/discharge, and finally a resistor r sc representing the internal leakage (figure 5).
Fig.5. Electrical model of the supercapacitor [9]
Neglecting the resistance that models the internal leakage, the expressions of the equation of the charge (eqn. 13) and discharge (eqn. 14) of the supercapacitor are given by:
Current control (figure 6) super capacitor connected to the DC bus via a bidirectional converter is necessary to control the charge/discharge voltages. We therefore have the 
Modeling of the DC bus
The DC bus is the transit point for power to ensure the stability of the network. It behaves like a source of constant DC voltage. The following equation could be obtained from figure 7:
Where C dc is the capacity of the DC bus (in F); I dc the DC bus current (in A); I m_sc the output current of the storage system (in A); I m_g the current generated by wind (in A); and I ch the current load of the network (in A).
Fig.7. Electrical model of the DC bus
Modeling of the filter
The DC bus voltage is converted to AC voltage. This conversion is accompanied by harmonics due to the nonlinear nature of the static converter. A filter is generally interposed against these harmonics and improves the power quality in the network. In this work a LC filter is used. From figure 8 one can write:
The transmittance T(s) can be determined by using the following equivalent phase diagram: 
The transfer function of the second order filter is given by:
Where z is the damping coefficient and n ω the natural pulsation (in rad.s -1 ) characterizing the filter: The filter elements are sized to the cutoff frequency f c defined as the frequency for which the signal amplitude is attenuated by -3 dB. 
The parameters of the matrix [M1] are given in Table 1 . Parameter Expression
Regulation of the DC bus voltage
Regulating the DC bus is done through the storage element that maintains the balance between production and consumption. Multiplying equation (16) by U dc the balance of instantaneous power is obtained as follows:
P sc is the Power storage system (in W); P g the power generated by the wind energy (in W);
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P ch the Power load connected to the network (in W).
From equations (26) and (27) 
The inversion of the COG in Figure 12 gives the diagram presented in fig. 13 
Since we have AC voltage, we use proportional resonant correction. This type of correction is well suited to control sinus voltages [11, 12] . A wide synthesis of comparator is explained by
Zmood et al. [13] .
The correction is of the form: The transfer function in open loop (OLTF) of the corrected system is: 
(33) Figure 17 shows the block diagram of the control strategy of voltages.
Fig.17. Block diagram of the control strategy
RESULTS AND DISCUSSION
The implementation of these models in Matlab-Simulink, give results presented in this section.
The characteristics of the energy conversion system are presented in table 9. The wind speed profile studied, adapted from [9] is shown in Figure 18 .The value of the wind speed is between 5.9 m/s and 13 m / s. As it could be seen in figure 29, these harmonics will be eliminated (Figure 30 ) by an LC filter whose elements were carefully sized. The measured voltages Uc1 and Uc2 are quite stable in amplitude and frequency. They are identical to each other at an angle of phase-shift, as their respective reference. These observations could be explained by the fact that the control strategy implementation at the filter has proved its effectiveness in fighting against voltage unbalance making the power quality degrading. We also note that, even if the frequency is rather constant, the magnitudes of the measured voltages are rather higher than those of the reference voltages. The latter phenomenon is probably due to the gain regulators and indirectly, to the choice of the poles of the polynomial characteristic of the transfer functions of the filter in the closed loop. 
CONCLUSION
We modeled the parts of our system of wind energy conversion in the form of mathematical equations and block diagrams. The development of control strategies for regulating the DC bus and for the regulation of the output voltages to the LC filter has been made. Indeed, the regulation of the DC bus voltage can fight against intermittent energy production, while regulating voltages through correction proportional across the LC resonant whose elements are strictly sized filter, helps to fight against imbalances and harmonics caused by unevenly nonlinear distributed loads. The results obtained after simulation in Matlab-Simulink environment, demonstrate the importance and effectiveness of control strategies implemented.
The voltage at the DC bus is almost constant and the voltages at the output of the filter fit their respective reference, which proves that imbalances voltages, harmonics, voltage dips and voltage fluctuations, degrading the quality of the electrical energy produced were minimized.
